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EXECUTIVE SUMMARY

This is the fifth report of a series of seven reports detailing the small-scale mechanical testing
performed on the trial welds in this consolidated program. An outline of the reporting flow is
given in the Introduction to the Summary of Mechanical Properties report 277-T-08. The present
report contains the results of application of the low-constraint tensile toughness test,
supplemented with results of shallow-notch bend tests, to the three series of welds in the
consolidated program, including tests on base metal, weld metal, and HAZ.

Extensive single-edge notched tensile SE(T) and single-edge notched bend SE(B) tests of X100
linepipe girth-welds have been completed with the SE(T) procedure developed at CANMET and
standard ASTM SE(B) procedures. The principal objective has been to provide data to correlate
wide-plate performance from small-scale test results for development of a strain-based design
procedure for the assessment of pipeline girth-weld integrity. This report includes experimental
data for all SE(T) and SE(B) BxB specimens: JJCTOD-resistance curves, tables summarizing
curve-fitting parameters for resistance curves, comparisons of measured crack lengths with
unloading compliance crack length estimations, and fracture surface photographs. Additional
SE(B) tests on Bx2B specimens have been performed and are reported elsewhere.
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1 INTRODUCTION

This is the fifth report of a series of seven reports detailing the small-scale mechanical testing
performed on the trial welds in this consolidated program. An outline of the reporting flow is
given in the Introduction to the Summary of Mechanical Properties report 277-T-08. The present
report contains the results of application of the low-constraint tensile toughness test,
supplemented with results of shallow-notch bend tests, to the three series of welds in the
consolidated program, including tests on base metal, weld metal, and HAZ.

The present report contains the results of application of the low-constraint tensile toughness test,
supplemented with results of shallow-notch bend tests, and includes results of tests on the base
metal, weld metal, and HAZ of the three rounds of welds in the consolidated program.

Single-edge notched tension [SE(T)] procedures and equations have been developed at
CANMET [1] for J-integral calculation and J-resistance curve measurement with the use of the
crack mouth opening displacement (CMOD) unloading compliance technique for a clamped
SE(T) single specimen [2,3]. The crack tip opening displacement (CTOD) ¢ is also calculated
from J and subsequently the CTOD-resistance curves are also generated from the CMOD
unloading compliance technique. The intent is to generate small-scale data for comparison with
wide plate crack growth performance to support strain-based design and evaluation of pipeline
girth welds.

Extensive SE(T) and single-edge-notched bend [SE(B)] testing has been performed to provide
the data for comparison with wide-plate test measurements being performed at the National
Institute for Standards and Technology (NIST). This report contains the results from tests of
X100 pipe steel base metal (BM) and the heat-affected zone (HAZ) and weld metal (WM) of
pipeline girth welds. It includes summaries of experimental data for all SE(T) and SE(B) BxB
small-scale specimens: JJCTOD-resistance curves, tables reporting power-law curve fitting
parameters for resistance curves, comparisons of measured crack lengths with unloading
compliance crack length estimations, and fracture surface photographs. Additional SE(B) tests
on Bx2B specimens have been done and are reported elsewhere [3].

2 OBJECTIVE
The objectives of the work reported here are to:

1. Develop procedures to apply the CANMET SE(T) procedure to pipeline girth welds
(BM, HAZ and WM), and

2. Provide results of small-scale fracture toughness tests to be compared with those of wide
plate tests for development of strain-based design.



3 MATERIAL, SPECIMEN PREPARATION AND TESTING
3.1 Material Properties and Specimen Preparation

(1)

O]

®)

(4)

®)

(6)

U]
®)
)

Pipe material: pipes of X100 (Grade 690), 914 mm (36 in) diameter by 19.1 mm

(0.75 in) wall thickness (rounds 1 and 2) and 1067 mm (42 in) by 14.3 mm (0.563 in)
wall thickness (round 3).

Experimental pipeline welds: single torch (round 1) and dual torch (round 2) rolled girth
welds (BM, HAZ and WM are shown in Figure 1); single torch 5G girth welds (round
3).

Specimen length: 345 mm with an un-gripped length of H = 10W = 172 mm (rounds 1
and 2); ~240 mm with an un-gripped length of H = 10W = 118 mm (round 3).
Specimen length direction: longitudinal to pipe axis (transverse to girth-weld).
Cross-section: rounds 1 and 2, 17.5 mm x 17.5 mm for base metal and dual torch welds,
weld metal centerline (WMC) and heat-affected zone (HAZ); and 17.2 mm x 17.2 mm
for single torch welds; round 3, 11.8 mm x 11.8 mm for WMC and HAZ.

Side-groove details: 45° included angle with 0.5 mm root radius to total depth of 15 %
(7.5 % on each side) for rounds 1 and 2; total depth of 10 % (5 % on each side) for
round 3.

Targeted fatigue precrack depths: 3 mm and 6 mm (Figure 2).

Notch and fatigue precrack: from inner diameter (ID) surface of the pipe.

Test temperatures: room temperature (RT), -20 °C and -40 °C (rounds 1 and 2); -20 °C
(round 3).

(10) Local compression: No (rounds 1 and 2); Yes (round 3).

(@) (b)
Figure 1. X100 rolled welds: (a) single torch and (b) dual torch.



(b)

Figure 2. Targeted precrack locations: (a) weld metal centerline and (b) HAZ, (solid line: 3 mm precrack and
dotted line: 6 mm precrack).

3.2 SE(T) tests

Tables 1-4 summarize the SE(T) test matrices.

Table 1. SE(T) test matrix for X100 base metal

Temperature, °C Target Crack Length Number of specimens (specimen ID)
RT a=3mm 2 (BMRTKO6, K09)
a=6mm 4 [BMRTK12, K13, K14, K02(20 %SG)]
20 °C a=3mm 1 (BMLTK10)
a=6mm 1 (BMLTK11)
Table 2. SE(T) test matrix for single torch X100 rolled welds (round 1)
Number of specimens (specimen ID
Tempfcr:ature, Target Crack Length P P )
wWMC HAZ
RT a=3mm 2 (WMRTKO1, K22) 2 (HZRTKO7, K21)
a=6mm 2 (WMRTK11, K19) 2 (HZRTK18, K20)
20 °C a=3mm 4 (WMLTKO2, K15, K23) 3 (HZLTKO08, K09, K16)
a=6mm 3 (WMLTK12, K13, K14) 3 (HZLTKO05, K06, K17)
-40 °C a=3mm 2 (WMLT4K?24, K25) 2 (HZLT4K26, K27)




Table 3. SE(T) test matrix for dual torch X100 rolled welds (round 2)

Number of specimens (specimen ID)

Temperature, °C Target Crack Length
WMC HAZ
RT a=3mm 2 (WMRTF02, F09) 2 (HZRTFOQ5, F14)
a=6mm 2 (WMRTFO04, F11) 2 (HZRTFQ7, F16)
220 °C a=3mm 2 (WMLTF10, F102) 2 (HZLTFO06, F13)
a=6mm 2 (WMLTFO3, F12) 2 (HZLTFO08, F28)

Table 4. SE(T) test matrix for single torch X100 5G welds (round 3)

Temperature, °C

Target Crack Length

Number of specimens (specimen ID)

WMC

HAZ

-20 °C

a=3mm

3 (DW1-B, DW3-A, DW6-A)
3 (FW1-A, FW3-A, FW6-A)

3 (DH1-A, DH3-A, DH6-A)
3 (FH1-A, FH3-A, FHG6-A)

3.3  SE(B) tests

Tables 5-8 summarize SE(B) test matrices.
Table 5. SE(B) test matrix for base metal

Temperature, °C Target Crack Length Number of specimens (specimen ID)
RT a=6mm 2 (BBMRT1, T2)
-20 °C a=3mm 5 (BM2, BM3, BM4, BM5, BM6)

Table 6. SE(B) test matrix for single torch X100 rolled welds (round 1)

Number of specimens (specimen ID)

Temperature, °C Target Crack Length
WMC HAZ
RT a=3mm 2 (BWMRTGO05, 110) 2 (BHZRTIO05, 106)
a=6mm 2 (BWMRTI04, 111) 2 (BHZRTGO04, 108)
20 °C a=3mm 2 (BWMLTI01, 102) 2 (BHZLTI13, 114)
a=6mm 2 (BWMLTGOS6, 112) 2 (BHZLTGO8, 115)

Table 7. SE(B) test matrix for dual torch X100 rolled welds (round 2)

Number of specimens (specimen ID)

Temperature, °C Target Crack Length
WMC HAZ
RT a=3mm 1 (BWMRTF21) 1 (BHZLTF25)
a=6mm 1 (BWMRTF23) -
220 °C a=3mm 1 (BWMLTF22) 1 (BHZLTF26)
a=6mm 1 (BWMLTF24) -




Table 8. SE(B) test matrix for single torch X100 5G welds (round 3)

Number of specimens (specimen ID)
Temperature, °C Target Crack Length
WMC HAZ
oo _ 3 (DW1, DW3, DW6) 3 (DH1, DH3, DH6)
20°C a=3mm 3 (FW1, FW3, FW6) 3 (FH1, FH3, FH6)

4 RESISTANCE CURVES

This section includes J/CTOD resistance curves for all SE(T) and SE(B) tests of BM, HAZ and
WM. The targeted crack lengths, test temperatures and fracture toughness at the peak loads are
indicated. In the figures, symbols indicate raw data calculated from experimental measurements,
and solid lines represent power-law curve fits to raw data.

4.1 J-R Curves
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A6 mm -20°C:
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X Peak load (BMRTKO6) - (0.35, 567)
A Peak load (BMLTK11) - (0.29, 763)
B Peak load (BMLTK10) - (0.42, 718)

15 2 2.5

Aa (mm)

Figure 3. J-resistance curves for SE(T) tests of the X100 pipe steel base metal.
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Figure 4. SE(T) J-resistance curves for single torch (round 1) (a) weld metal and (b) HAZ.
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Figure 5. SE(T) J-resistance curves for dual torch (round 2) (a) weld metal and (b) HAZ.
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Figure 6. SE(T) J-resistance curves for single torch (round 3) (a) weld metal and (b) HAZ.
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Figure 7. SE(B) J-resistance curves for the X100 pipe steel base metal at room temperature
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Figure 8. SE(B) J-resistance curves for the X100 pipe steel base metal (round 3).
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Figure 9. SE(B) J-resistance curves for single torch (round 1) (a) weld metal and (b) HAZ.
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Figure 10. SE(B) J-resistance curves for dual torch (round 2) (a) weld metal and (b) HAZ.
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Figure 11. SE(B) J-resistance curves for single torch (round 3) (a) weld metal and (b) HAZ.
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4.2 CTOD-R Curves
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Figure 12. SE(T) CTOD-resistance curves for X100 pipe steel base metal.
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Figure 13. SE(T) CTOD-resistance curves for single torch (round 1) (a) weld metal and (b) HAZ.
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Figure 14. SE(T) CTOD-resistance curves for dual torch (round 2) (a) weld metal and (b) HAZ.
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Figure 15. SE(T) CTOD-resistance curves for single torch (round 3) (a) weld metal and (b) HAZ.
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Figure 16. SE(B) CTOD-resistance curves for X100 pipe steel base metal (round 1 and round 2).
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Figure 17. SE(B) CTOD-resistance curves for X100 pipe steel base metal (round 3).
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Figure 18. CTOD-resistance curves for SE(B) single torch (round 1) (a) weld metal and (b) HAZ.
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Figure 19. SE(B) CTOD-resistance curves for dual torch (round 2) (a) weld metal and (b) HAZ.
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Figure 20. SE(B) CTOD-resistance curves for single torch (round 3) (a) weld metal and (b) HAZ.
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4.3 Curve-fit Parameters

This section summarizes regression constants (C1 and C2) of the power law regression (J (or CTOD) = CleAa“?) for SE(T) and SE(B)
tests; J and CTOD are in kJ/m? and mm, respectively.

431 SE(T)
4.3.1.1 JRESISTANCE

Table 9. Curve-fit parameters for base metal (round 1 and round 2).

C1 C2 dog (mm)
Temp | Targeta, ID - Std. . Std. | round 2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
BMRTKO06 | 1313.72 0.786 0.999 3.34
3 K09 | 125310 1283.41 | 42.87 0,819 0.80 0.02 0.996 356 3.45 0.16

RT BMRTK12 | 1182.48 0.556 0.998 6.42
6 K13 | 1105.18 1141.32 | 38.89 0.580 0.58 0.03 0.995 6.29 6.47 0.22

K14 | 1136.29 0.618 0.990 6.71
20 3 BMLTK10 | 1500.36 n/a n/a 0.856 n/a n/a 0.995 3.01 n/a n/a
6 BMLTK11 | 1328.13 n/a n/a 0.463 n/a n/a 0.993 6.51 n/a n/a
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Table 10. Curve-fit parameters for single torch weld metal centerline (round 1)

C1 Cc2 8gq (Mm)
Std.
ID round 2
Temp Target a, Individual Avg. st. Individual Avg. | dev. Individual Avg. std.
s dev. dev.
49) (mm) dev.
WMRTKO1 | 540.63 0.648 0.989 5.31
o 3 K22 | 67612 608.38 | 95.80 0672 0.66 | 0.02 0.998 204 468 | 0.90
WMRTK11 | 499.97 0.865 0.993 8.55
6 K19 | 29208 496.01 5.59 0.706 079 | 0.11 0.995 - 38 796 | 0.83
WMLTKO2 | 476.35 0.812 0.986 5.01
3 K15 | 583.77 563.92 | 79.53 0.769 0.76 | 0.05 0.997 3.96 4.26 | 0.66
20 K23 | 631.63 0.704 0.992 3.79
WMLTK12 463.14 0.783 0.993 7.11
6 K13 | 460.91 47443 | 2151 0.780 0.76 | 0.04 0.991 7.22 7.01 | 0.27
K14 | 499.24 0.717 0.989 6.71
WMLT4K24 | 512.49 0.930 0.971 3.30
-40 3 <25 | 615.80 564.15 | 73.05 0720 0.84 | 0.13 0.991 354 342 | 0.17
Table 11. Curve-fit parameters for single torch HAZ (round 1)
C1 C2 8gq (MM)
Temp Target a, ID - Std. - Std. | round 2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
HZRTKO7 | 1326.06 0.655 0.990 3.72
. 3 ko1 | 143116 1378.61 | 74.32 0.656 0.66 | 0.00 0.998 316 3.44 0.40
HZRTK18 | 1108.03 0.523 0.993 6.48
6 K20 | 105543 1081.73 | 37.20 0554 054 | 0.02 0.037 6.60 6.54 0.09
K09 | 1159.19 0.645 0.891 3.80
3 K16 | 131637 1237.78 | 111.14 0.785 0.72 | 0.10 0.986 347 3.64 0.23
-20 HZLTKO5 894.06 0.564 0.958 7.03
6 K06 | 1070.21 948.18 | 105.91 0.806 0.72 | 0.13 0.972 6.36 6.62 0.36
K17 880.27 0.787 0.990 6.46
HZLT4K26 | 1400.18 0.668 0.980 3.60
-40 3 K27 | 130967 1354.92 | 64.00 0,878 0.77 | 0.15 0.990 561 3.10 0.70
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Table 12. Curve-fit parameters for dual torch weld metal centerline (round 2)

c1 c2 aoq (MM)
(Tg;“p (Trﬁ:gfta D Individual | Avg. g’;‘j'/ Individual | Avg. 3;‘3/ round2 1 dividual | Ava. gé‘\’/
X WMRTF02 | 66946 | | oo 0.692 070 | ool |_09% 3.99 i1 | o
RT FviRTros | ese 1 0776 dsss | sed
6 i 64906 | 997 o 077 | 001 [—roc = 572 | 011
WMLTF10 | 463.82 0.975 0.988 4.07
e R e L s et B L e e
6 o 64727 | 8134 — 079 | 012 {—o o = 581 | 0.02
Table 13. Curve-fit parameters for dual torch HAZ (round 2)
C1 C2 agq (Mm)
(T(e:';‘p (Tmaﬁ;"tafj D Individual | Avg. (‘j’;ﬂ Individual | Avg. g;‘\j/ round2 1 dividual | Ava. g;‘\j/
; HZRTFO5 | 117866 | o | oo g0 0.829 o5 | 0oo | 0998 3.06 235 | o
RT zrreor | ooB e 068 oot 5%
6 o orres | 94027 | 4442 o 060 | 014 (— o = 6.10 | 0.25
HZLTFO6 | 121012 0.878 0.988 2.95
B A SaE S el
6 111z 5| 100641 | 15330 — 083 | 011 [—o oo = 589 | 0.32
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Table 14. Curve-fit parameters for single torch weld metal centerline (round 3)

C1 Cc2 agq (Mm)

Temp | Targeta, ID o Std. . Std. | round2 - Std.
(C) (mm) Individual | Avg. dev. Individual Avg. dev. Individual Avg. dev.
DW1-B* 1311.89 0.465 0.997 2.16

DW3-A 1332.80 | 1239.00 | 144.73 0.535 059 | 0.16 0.990 2.60 239 | 0.22
20 3 DW6-A 1072.32 0.763 0.962 241
) FW1-A 1180.53 0.634 0.956 251

FW3-A 1045.49 | 117551 | 127.59 0.683 0.65 | 0.03 0.980 2.44 249 | 0.04

FW6-A 1300.52 0.627 0.978 2.53

* Specimen not side grooved (plane sided). Data from specimen DW1-A could not be analyzed.
Table 15. Curve-fit parameters for single torch HAZ (round 3)
C1 Cc2 agq (Mm)

Temp | Targeta, ID . Std. . Std. | round2 . Std.
(C) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
DH1-A 1663.40 0.580 0.967 2.47

DH3-A 1483.49 1529.03 | 118.37 0.419 0.522 | 0.09 0.967 2.55 248 | 0.07
20 3 DH6-A 1440.19 0.566 0.992 2.41
) FH1-A 1586.26 0.541 0.989 2.46
FH3-A 1666.59 1581.22 | 88.00 0.519 0.552 | 0.04 1.000 242 2.46 | 0.03
FH6-A 1490.81 0.595 0.873 249
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43.1.2

CTOD RESISTANCE

Table 16. Curve-fit parameters for base metal

C1 Cc2 8gq (Mm)
Temp | Target a, ID - Std. - Std. | round2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
BMRTKO06 1.34 0.778 0.998 3.34
3 K09 125 1.30 | 0.06 0.810 0.79 | 0.02 0.994 356 3.45 | 0.16

RT BMRTK12 1.27 0.575 0.996 6.42
6 K13 1.12 1.18 | 0.08 0.597 0.60 | 0.03 0.992 6.29 6.47 | 0.22

K14 1.16 0.628 0.986 6.71
20 3 BMLTK10 141 n/a n/a 0.847 n/a n/a 0.994 3.01 n/a n/a
6 BMLTK11 1.32 n/a n/a 0.459 n/a n/a 0.990 6.51 n/a n/a

Table 17. Curve-fit parameters for single torch weld metal centerline (round 1)
C1 C2 8gq (MM)

Temp | Targeta, ID - Std. - Std. | round 2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
WMRTKO1 0.41 0.682 0.990 5.31
. 3 K22 053 0.47 | 0.08 0.637 0.68 | 0.00 0.998 204 468 | 0.90
WMRTK11 0.41 0.947 0.989 8.55

6 K19 036 0.39 | 0.04 0779 0.86 | 0.12 0.995 38 796 | 0.83
WMLTKO02 0.34 0.847 0.985 5.01

3 K15 0.43 0.41 | 0.06 0.809 0.79 | 0.06 0.997 3.96 4.26 | 0.66
20 K23 0.46 0.724 0.993 3.79
WMLTK12 0.32 0.873 0.995 7.11

6 K13 0.32 0.33 | 0.01 0.863 0.84 | 0.05 0.991 7.22 7.01 | 0.27
K14 0.34 0.775 0.989 6.71
WMLT4K24 0.36 0.960 0.973 3.30

-40 3 K5 044 0.40 | 0.06 0.758 0.86 | 0.14 0.992 354 342 | 0.17
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Table 18. Curve-fit parameters for single torch HAZ (round 1)

C1 Cc2 8gq (Mm)

Temp | Targeta, ID - Std. . Std. | round 2 . Std.
(0 (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
HZRTKO7 1.03 0.649 0.987 3.72
o 3 K21 113 1.08 | 0.07 0.644 0.65 | 0.00 0.998 316 3.44 | 0.40
HZRTK18 0.85 0.527 0.990 6.48

6 K20 0.80 0.83 | 0.04 0.556 054 | 0.02 0.982 5.60 6.54 | 0.09
K09 0.88 0.664 0.900 3.80
3 K16 0.99 094 | 0.07 0.789 0.73 | 0.09 0.982 347 3.64 | 0.23
-20 HZLTKO05 0.63 0.581 0.955 7.03
6 K06 0.78 0.69 | 0.08 0.825 074 | 0.14 0.973 6.36 6.62 | 0.36
K17 0.64 0.821 0.988 6.46
HZLT4K26 1.03 0.673 0.981 3.60
-40 3 K27 0.97 1.00 | 0.04 0.904 0.79 | 0.16 0.991 > 61 3.10 | 0.70
Table 19. Curve-fit parameters for dual torch weld metal centerline (round 2)
C1l C2 dgq (Mm)
Temp Target a, ID - Std. - Std. | round 2 - Std.
(C) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
WMRTFO02 0.52 0.708 0.995 3.99
- 3 F09 0.8 0.50 | 0.03 0733 0.72 | 0.02 0.997 423 411 | 0.17
WMRTF04 0.50 0.808 0.998 5.64
6 F11 0.49 050 | 0.01 0.804 0.81 | 0.00 0.097 579 572 | 011
WMLTF10 0.34 1.014 0.989 4.07
20 3 F102 0.45 0.40 | 0.08 0784 0.90 | 0.16 0.9 367 3.87 | 0.29
WMLTFO03 0.43 0.908 0.995 5.80
6 F12 052 0.48 | 0.06 0731 0.82 | 0.13 0.998 X 5.81 | 0.02

26




Table 20. Curve-fit parameters for dual torch HAZ (round 2)

C1 Cc2 8gq (Mm)
Temp Target a, ID - Std. . Std. | round 2 . Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
HZRTFO05 0.93 0.818 0.996 3.06
RT 3 F14 0.85 089 | 0.06 0.825 082 1 0.00 0.992 3.65 336 | 042
HZRTFO7 0.70 0.700 0.978 5.93
6 F16 0.75 0.73 1 003 0.501 060 | 0.14 0.991 6.28 6.10 1 0.25
HZLTF06 0.92 0.873 0.985 2.95
20 3 F13 0.78 085 1 0.10 0.769 082 1 007 0.996 3.45 320 1 035
HZLTF08 0.67 0.922 0.981 6.12
6 F28 0.83 0.75 1 011 0.761 084 | 0.1 0.990 5.66 589 | 032
Table 21. Curve-fit parameters for single torch weld metal centerline (round 3)
C1 C2 dgq (Mm)
Temp Target a, ID - Std. L Std. | round 2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
DW1-B* 0.977 0.440 0.997 2.16
DW3-A 0.917 0.86 | 0.15 0.505 0.48 | 0.07 0.984 2.60 239 | 0.22
20 3 DW6-A 0.687 0.838 0.976 2.40
) FW1-A 0.793 0.680 0.962 2.50
FW3-A 0.714 0.81 | 0.10 0.701 0.57 | 0.09 0.974 2.45 250 | 0.05
FW6-A 0.921 0.590 0.981 2.55

* Specimen not side-grooved (plane-sided). Data from specimen DW1-A could not be analyzed.
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Table 22. Curve-fit parameters for single torch HAZ (round 3)

C1 Cc2 8gq (Mm)
Temp Target a, ID - Std. - Std. | round2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
DH1-A 1.272 0.477 1.000 2.47
DH3-A 1.013 1.07 | 0.18 0.402 0.48 | 0.07 0.961 2.55 246 | 0.09
20 3 DH6-A 0.917 0.549 0.995 2.37
) FH1-A 1.087 0.467 0.972 2.46
FH3-A 1.086 1.07 | 0.03 0.657 0.57 | 0.09 0.864 2.40 245 | 0.04
FH6-A 1.035 0.575 0.937 2.48
43.2 SE(B)
4.3.2.1 J RESISTANCE
Table 23. Curve-fit parameters for base metal
C1 C2 dgq (Mm)
Temp | Targeta, ID - Std. L Std. | round 2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
BBMRT1 1121.07 0.678 0.999 5.43
RT 6 T 112426 1122.66 2.25 0.729 0.70 | 0.04 0.997 576 559 | 0.24
BM2 2117.42 0.285 0.911 2.44
BM3 2109.26 0.254 0.852 2.76
-20 3 BM4 2166.84 1951.10 | 361.04 0.170 0.38 | 0.30 1.000 2.75 2.68 | 0.15
BM5 1410.89 0.818 0.998 2.62
BM6 * * * 2.81

* Experimental data for specimen BM6 could not be fitted (no data points fall between the exclusion lines).
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Table 24. Curve-fit parameters for single torch weld metal centerline (round 1)

c1 c2 aoq (MM)
T(ggp T?:gﬁ;[)a‘) D Individual Avg. 3;3 Individual Avg. j,gj/ round 2 Individual Avg. jgj/
3 BWMRTGOS | 550.03 526.25 | 33.63 0.680 0.61 | 0.09 0.991 361 3.58 | 0.05
RT — o e | om
6 1 35246 370.56 | 25.60 0481 0.57 0.12 0.997 6.08 6.72 0.38
RE BBVZVMMLLTZ% gggz ot | 51 §§§ 056 | 002 §§§§ zgi 295 | 007
6 2 414:64 379.24 | 50.07 0:643 0.63 0.01 0:999 5:84 6.13 0.41
Table 25. Curve-fit parameters for single torch HAZ (round 1)
c1 C2 3oq (MM)
T(?gp Té(‘;?ﬁf)ao D Individual | Avg. gg’/ Individual | Avg. g;‘\j/ round2 1 dividual | Avg. g;‘\j/
3 BHZRTIO5 | 1050.85 97224 | 11117 0.631 069 | 008 0.999 3.20 320 | 0.00
AT arzRTG0 | e o724 59 676
6 ~108 976.67 933.15 61.56 0.706 071 | 0.01 0.996 611 6.43 | 0.46
3 ~114 | 1180.33 0.700 0.989 3.38 n/a n/a
20 g [BHTO0R | 8901 | oo |y | 0710 g [ 09 [ ek g
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Table 26. Curve-fit parameters for dual torch weld metal centerline (round 2)

C1 C2 dgq (Mm)
Temp | Target a, ID - Std. - Std. | round 2 - Std.
(0 (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
RT 3 BWMRTF21 501.67 n/a n/a 0.617 n/a n/a 0.995 4.47 n/a n/a
6 BWMRTF23 576.90 n/a n/a 0.627 n/a n/a 0.999 5.76 n/a n/a
20 3 BWMLTF22 611.81 n/a n/a 0.459 n/a n/a 0.989 4.34 n/a n/a
6 BWMLTF24 595.51 n/a n/a 0.607 n/a n/a 0.998 5.82 n/a n/a
Table 27. Curve-fit parameters for single torch weld metal centerline (round 3)
C1 C2 aog (MM)
Temp | Target a, d
s ID . Std. - Std. | round 2 . Std.
o mm
(C) (mm) Individual | Avg. | o Individual Avg. | o Individual AVg. | oy
DW1 634.46 0.848 0.986 2.79
DW3 595.47 651.81 | 66.73 0.907 091 | 0.06 0.992 2.74 2.80 | 0.06
20 3 DW6 725.50 0.963 0.988 2.86
Fw1 601.64 0.721 0.996 2.90
FW3 433.71 542.62 | 94.43 0.985 090 | 0.16 0.977 2.84 2.83 | 0.09
FW6 592.52 1.007 0.981 2.73
Table 28. Curve-fit parameters for single torch HAZ (round 3)
C1 C2 aog (MM)
Temp | Target a, o
s ID . Std. - Std. | round 2 . Std.
Cc mm
(C) (mm) Individual T Individual Avg. | Lo Individual AV | o
DH1 * * * 3.03
DHG * n/a n/a n/a n/a s 588 296 | 0.10
-20 3 FH1 * * 2.70
FH3 1443.17 144317 | nla 1.16 1.16 n/a 0.997 2.73
FH6 * * * 2.85

* Experimental data for specimens DH1, DH6, FH1 and FH6 cannot be fitted (no data points fall between the exclusion lines).
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4.3.2.2 CTOD RESISTANCE

Table 29. Curve-fit parameters for base metal

C1 c2 aoq (MmM)

Temp | Targeta, ID - Std. . Std. | round 2 . Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
BBMRT1 0.85 0.658 0.999 5.43
RT 6 T2 0.85 0.85 | 0.00 0.708 0.68 | 0.04 0.995 576 559 | 0.24
BM2 1.28 0.561 0.860 2.44
BM3 1.30 0.483 0.846 2.76
-20 3 BM4 1.28 123 | 0.12 0.561 0.65 | 0.23 0.837 2.76 268 | 0.15
BM5 1.05 0.987 0.997 2.63
BM6 1.19 0.799 0.999 2.81

Table 30. Curve-fit parameters for single torch weld metal centerline (round 1)
C1 Cc2 agq (Mm)

Temp | Targeta, ID o Std. . Std. | round 2 . Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
BWMRTG05 0.40 0.659 0.989 3.61
- 3 110 037 0.38 | 0.02 0529 059 | 0.09 0.990 355 3.58 | 0.05
BWMRTI04 0.26 0.634 0.980 6.45

6 11 0.24 0.25 | 0.02 0.462 055 | 0.12 0.996 5.98 6.72 | 0.38
BWMLTIO01 0.32 0.552 0.989 3.69

20 3 102 032 0.32 | 0.00 0516 0.53 | 0.03 0.999 271 395 | 0.37
BWMLTGO06 0.23 0.605 0.973 6.41

6 2 08 0.26 | 0.04 0623 061 | 0.01 0.999 XY 6.13 | 041
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Table 31. Curve-fit parameters for single torch HAZ (round 1)

C1 Cc2 agq (Mm)

Temp | Targeta, ID - Std. - Std. | round2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
BHZRTI05 0.77 0.605 0.998 3.20
RT 3 106 0.65 071 ) 0.08 0.718 066 ) 0.08 0.996 3.20 320 ) 0.00
BHZRTG04 0.60 0.701 0.996 6.76

6 108 0.67 063 1 005 0.682 069 | 001 0.996 6.11 643 | 046
3 114 0.86 0.682 0.987 3.38 n/a n/a
-20 BHZLTGO08 0.67 0.758 0.995 6.42
6 115 0.62 065 ) 0.04 0.743 075 | 0.01 0.996 6.31 637 | 0.08
Table 32. Curve-fit parameters for dual torch weld metal centerline (round 2)
C1 Cc2 8gq (Mm)

Temp | Targeta, ID - Std. . Std. | round 2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
RT 3 BWMRTF21 0.36 n/a n/a 0.595 n/a n/a 0.995 4.47 n/a n/a

6 BWMRTF23 0.40 n/a n/a 0.604 n/a n/a 0.998 5.76 n/a n/a
20 3 BWMLTF22 0.44 n/a n/a 0.434 n/a n/a 0.988 4.34 n/a n/a
6 BWMLTF24 0.41 n/a n/a 0.585 n/a n/a 0.997 5.82 n/a n/a
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Table 33. Curve-fit parameters for single torch weld metal centerline (round 3)

Cl c2 dog (Mm)
Temp Target a, ID - Std. - Std. | round 2 - Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
DW1 0.48 0.830 0.987 2.79
DW3 0.40 0.45 | 0.05 0.873 0.88 | 0.06 0.987 2.74 2.80 | 0.06
20 3 DW6 0.49 0.951 0.983 2.86
) FW1 0.41 0.696 0.994 2.90
FW3 0.30 0.38 | 0.07 0.957 0.88 | 0.16 0.971 2.84 2.83 | 0.09
FW6 0.42 0.996 0.975 2.73
Table 34. Curve-fit parameters for single torch HAZ (round 3)
C1 Cc2 agq (Mm)
Temp Target a, ID - Std. . Std. | round 2 . Std.
Q) (mm) Individual Avg. dev. Individual Avg. dev. Individual Avg. dev.
DH1 * * * 3.03
DHG " n/a n/a < n/a n/a " 589 296 | 0.10
-20 3 FH1 1.15 0.976 0.998 2.70
FH3 1.00 1.06 | 0.08 1.110 1.00 | 0.10 0.997 2.73 2.76 | 0.08
FH6 1.03 0.918 0.996 2.85

* Experimental data for specimens DH1 and DH6 could not be fitted (no data points fell between the exclusion lines).
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5 POST-TEST ANALYSIS
5.1 Crack Growth Estimation

The figures in this section compare unloading-compliance-predicted crack lengths (initial length
a, and final length a) to post-test measurements on the fracture surfaces of broken-open
specimens that were heat tinted after testing.

5.1.1 SE(T)

10 RT-6mm (a0):15% SG
RT-3mm (a0):15% SG
-20C-6mm (a0):15% SG X
-20C-3mm (a0):15% SG x
RT-6mm (ar):15%SG
RT-3mm (af): 15% SG
0C-6mm (af):15% SG
0C-3mm (af):15%SG
RT-6mm (ao0): 20% SG
% RT-6mm (af): 20%SG 0
R @
ER

X |l +xe0O>0O

-2
-2

>

T-3mm (ao0): 20%SG
af):20% SG

T-3mm

a-compliance (mm)
X{

0 2 4 6 8 10
a-measured (mm)

Figure 21. Comparison between measured and unloading-compliance-predicted

crack lengths for SE(T) base metal tests.

(The line represents a 1:1 relationship between the predicted value and the
measured value of the crack length as opposed to a fit of the data.)
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6

a-measured (mm)

(b)

10

Figure 22. Comparison between measured and unloading-compliance-predicted

crack lengths for SE(T) single torch (round 1) (a) weld metal and (b) HAZ.
(The line represents a 1:1 relationship between the predicted value and the

measured value of the crack length as opposed to a fit of the data.)
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fas
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Figure 23. Comparison between measured and unloading-compliance-predicted
crack lengths for SE(T) dual torch (round 2) (a) weld metal and (b) HAZ.

(The line represents a 1:1 relationship between the predicted value and the
measured value of the crack length as opposed to a fit of the data.)
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Figure 24. Comparison between measured and unloading-compliance-predicted
crack lengths for SE(T) single torch (round 3) (a) weld metal and (b) HAZ. Note

that for HAZ tests, compliance-based predictions of final crack size are much closer

to the measurements performed on the BM side than on the WM side.
(The line represents a 1:1 relationship between the predicted value and the
measured value of the crack length as opposed to a fit of the data.)
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5.12 SE(B)

10

SE(B), BxB, Base metal

a-compliance (mm)
(8]

W 6mm (aoq) room
A 6mm (af) room

0 T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

a-Measured (mm)
Figure 25. Comparison between measured and unloading-compliance-predicted

crack lengths for SE(B) base metal.
(The line represents a 1:1 relationship between the predicted value and the
measured value of the crack length as opposed to a fit of the data.)

SE(B), B x B, Base metal

a-compliance (mm)
D
,

@3 mm (alq) -20 °C
A 3 mm (af) -20 °C

a-measured (mm)
Figure 26. Comparison between measured and unloading-compliance-predicted
crack lengths for SE(B) base metal on Pipe A (round 3).
(The line represents a 1:1 relationship between the predicted value and the
measured value of the crack length as opposed to a fit of the data.)
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Figure 27. Comparison between measured and unloading-compliance-predicted
crack lengths for SE(B) single torch (round 1) (a) weld metal and (b) HAZ.

(The line represents a 1:1 relationship between the predicted value and the
measured value of the crack length as opposed to a fit of the data.)
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Figure 28. Comparison between measured and unloading-compliance-predicted

crack lengths for SE(B) dual torch (round 2) weld metal.

(The line represents a 1:1 relationship between the predicted value and the
measured value of the crack length as opposed to a fit of the data.)
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Figure 29. Comparison between measured and unloading-compliance-predicted
crack lengths for SE(B) single torch (round 3) (a) weld metal and (b) HAZ.
(The line represents a 1:1 relationship between the predicted value and the
measured value of the crack length as opposed to a fit of the data.)
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5.2 Crack Size Qualification

This section summarizes the crack size qualification according to the requirements of the
following standards:

e ASTM E 1820 — 11[5]:
o Clause 9.1.4.1 (original crack size): none of the nine physical measurements of
initial crack size shall differ by more than 0.05B from the average a.
o Clause 9.1.4.2 (final crack size): none of the nine physical measurements of final
physical crack size shall differ by more than 0.05B from the average a,.
o Clause 9.1.5.1 (crack extension): none of the nine physical measurements of crack
extension shall be less than 50 % of the average crack extension.
o Clause 9.1.5.2 (crack extension prediction): the difference between the unloading
compliance-predicted crack extension and the measurement shall not exceed 0.15
Aa, for crack extensions less than 0.2B, and the difference shall not exceed
0.03B, thereafter.
e BS 7448: Part 2: 1991[6]:
o Clause 12.4.1 (original crack size): no two of the inner seven crack length
measurements shall differ by more than 0.2a, for welds.

5.2.1 SE(T)
Table 35. Assessment of crack qualification for base metal
Temp Target ASTM E1820 BS 7448:

Q) a, (Mm) ID Part 2
9.14.1 9.14.2 9.15.1 9.15.2 1241

3 BMRTKO06 pass pass pass pass pass

K09 pass pass pass pass pass

RT BMRTK12 pass pass pass pass pass

6 K13 pass pass pass pass pass

K14 pass pass pass pass pass

20 3 BMLTK10 pass pass pass pass pass

6 BMLTK11 pass pass pass pass pass
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Table 36. Assessment of crack qualification for weld metal centerline - single torch (round 1)

Temp Target ASTM E1820 Bg 74[;8'
) 3, (mm) ID art
9.14.1 9.1.4.2 9.15.1 9.15.2 12.4.1
WMRTKO01 fail pass pass pass fail
3 -

RT K22 fail pass pass pass pass
6 WMRTK11 pass * * * pass
K19 pass pass pass pass pass
WMLTKO02 fail pass pass pass pass
3 K15 fail pass pass pass pass

20 K23 fail pass pass pass fail
WMLTK12 pass pass pass pass pass
6 K13 pass pass pass pass pass
K14 pass pass pass pass pass

40 3 WMLT4K?24 fail pass pass pass fail
K25 fail fail pass pass fail

* No data available on final crack size of specimens WMRTK11 and HZRTK21 because of ductile
instability after extensive tearing (attempt to derive R curve for large crack growth)

Table 37. Assessment of crack qualification for HAZ [single torch (round 1)], based on crack measurements
on the weld metal side

Temp | Target ASTM E1820 BS 7448:
Q) a, (Mm) ID Part 2
° 9.14.1 9.1.4.2 9.15.1 9.15.2 12.4.1
3 HZRTKO07 fail pass pass fail fail
RT K21 pass * * * pass
HZRTK18 pass pass pass pass pass
6 -
K20 pass pass pass fail pass
K09 fail pass pass fail fail
3
K16 pass pass pass pass pass
-20 HZLTKO05 pass pass pass pass pass
6 K06 pass pass pass pass pass
K17 pass pass pass pass pass
HZLT4K?26 pass pass pass fail pass
-40 3 -
K27 pass pass pass fail pass

* No data available on final crack size of specimens WMRTK11 and HZRTK21 because of ductile instability after
extensive tearing (attempt to derive R curve for large crack growth)
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Table 38. Assessment of crack qualification for HAZ [single torch (round 1)], based on crack measurements
on the base metal side

Temp | Target ASTM E1820 BS 7448:
(c) a, (mm) ID Part 2
° 9.14.1 9.14.2 9.15.1 9.15.2 1241
3 HZRTKO7 fail fail pass pass fail
RT K21 pass * * * pass
HZRTK18 pass fail pass fail pass
6 -
K20 pass fail pass pass pass
K09 fail fail pass pass fail
3
K16 pass pass pass pass pass
-20 HZLTKO05 pass fail pass fail pass
6 K06 pass pass pass fail pass
K17 pass pass pass pass pass
HZLT4K?26 pass pass pass pass pass
-40 3
K27 pass pass pass pass pass

* No data available on final crack size of specimens WMRTK11 and HZRTK21 because of ductile instability after
extensive tearing (attempt to derive R curve for large crack growth)

Table 39. Assessment of crack qualification for weld metal centerline — dual torch (round 2)

Temp | Target ASTM E1820 BS 7448:

Q) a, (Mm) ID Part 2
° 9.1.4.1 9.1.4.2 9.1.5.1 9.15.2 12.4.1

3 WMRTFO02 fail pass pass pass pass

RT F09 pass pass pass pass pass
6 WMRTF04 pass fail pass pass pass
F11 pass pass pass pass pass

WMLTF10 fail pass pass pass fail

3 - -

20 F102 fail pass pass pass fail
6 WMLTFO03 pass pass pass pass pass
F12 pass pass pass fail pass

Table 40. Assessment of crack qualification for HAZ [dual torch (round 2)], based on crack measurements
on the weld metal side

Temp | Target . ASTM E1820 8o TS
(©) | 2 (mm) 9041 | 9142 | 9151 | 9152 | 1241
3 HZRTFO05 pass pass pass fail pass
RT F14 pass pass pass fail pass
6 HZRTFO7 pass pass pass pass pass
F16 pass pass pass fail pass
HZLTFO06 pass fail pass fail pass

3 -
20 F13 pass pass pass fail pass
6 HZLTF08 pass fail pass pass pass
F28 pass pass pass fail pass

* No data available on final crack size of specimens WMRTK11 and HZRTK21 because of ductile instability after
extensive tearing (attempt to derive R curve for large crack growth)
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Table 41. Assessment of crack qualification for HAZ [dual torch (round 2)], based on measurements on the

base metal side
Temp | Target ID ASTM E1820 Bg;ﬁé&

(©) | & (mm) 9041 | 9142 | 9151 | 9152 | 1241
3 HZRTFO5 pass pass pass pass pass

RT F14 pass fail pass pass pass
6 HZRTFO7 pass fail pass fail pass

F16 pass pass pass pass pass

3 HZLTF06 pass fail pass pass fail

220 F13 pass pass pass pass pass
6 HZLTF08 pass fail pass pass pass

F28 pass pass pass pass pass

Table 42. Assessment of crack qualification for weld metal centerline - single torch (round 3)
Temp | Target ID ASTM E1820 Bg;ﬁ'é&

(€) | & (mm) 9141 | 9142 | 9151 | 9152 1241

DW1-B fail fail pass fail fail

DW3-A pass fail pass fail pass

20 3 DW6-A pass fail pass fail pass

) FW1-A pass fail pass fail pass

FW3-A fail fail pass fail fail

FW6-A pass pass pass fail pass

Table 43. Assessment of crack qualification for HAZ [single torch (round 3)], based on measurements on the

weld metal side
Tgmp Target D ASTM E1820 B}S)a7rlt‘r£;8.

(©) | 2 (mm) 9.041 | 9142 | 9151 | 9152 | 1241
DH1-A pass fail fail fail pass
DH3-A pass fail pass fail pass
DH6-A pass fail fail fail pass

-20 3 - - -
FH1-A pass fail fail fail pass
FH3-A pass fail pass fail pass
FH6-A fail fail fail fail fail
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Table 44. Assessment of crack qualification for HAZ [single torch (round 3)], based on measurements on the
base metal side

Temp | Target . ASTM E1820 Bﬁaﬁf‘;&
(©) | & (mm) 9041 | 9142 | 9151 | 9152 | 1241
DH1-A pass fail Fail fail pass
DH3-A pass fail Pass fail pass
DH6-A pass fail Fail fail pass
-20 3 - -
FH1-A pass fail Pass fail pass
FH3-A pass fail Pass fail pass
FH6-A pass fail Pass fail fail
5.2.2 SE(B)
Table 45. Assessment of crack qualification for base metal
Temp | Target . ASTM E1820 Bf, 7%8'
(0) | a(mm) >
9.14.1 9.1.4.2 9.15.1 9.1.5.2 12.4.1
BBMRT1 pass pass Pass pass pass
RT 6
T2 pass pass Pass pass pass
BM2 pass pass Pass pass pass
BM3 pass fail Pass fail pass
-20 3 BM4 pass pass Pass pass pass
BM5 pass pass Pass fail fail
BM6 pass pass Pass fail pass

Table 46. Assessment of crack qualification for weld metal centerline - single torch (round 1)

Temp | Target ASTM E1820 BS 7448:

Q) a, (Mm) ID Part 2
° 9.14.1 9.14.2 9.15.1 9.15.2 12.4.1

3 BWMRTGO05 pass pass pass pass pass

RT 110 fail pass pass pass fail
6 BWMRTI04 fail pass pass pass pass

111 fail pass pass pass pass

BWMLTIO1 fail pass pass pass pass

3 - )

20 102 fail pass pass pass fail

6 BWMLTGO06 fail pass pass pass pass

112 pass pass pass pass pass
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Table 47. Assessment of crack qualification for HAZ [single torch (round 1)], based on crack measurements

on the weld metal side

Temp Target ASTM E1820 BS 7448:
(c) a, (mm) ID Part 2
9.14.1 9.14.2 9.15.1 9.15.2 1241
3 BHZRTI05 pass pass pass pass pass
RT 106 pass pass pass pass pass
6 BHZRTG04 pass pass pass pass pass
108 pass pass pass fail pass
3 114 pass pass pass fail pass
-20 6 BHZLTGO08 pass pass pass pass pass
115 pass pass pass pass pass

Table 48. Assessment of crack qualification for HAZ [single torch (round 1)], based on measurements on the
base metal side

Temp Target D ASTM E1820 Bi 74Aé8'
(©) | a(mm) "
9.14.1 9.14.2 9.15.1 9.15.2 1241

3 BHZRTI05 pass pass pass pass pass

RT 106 pass pass pass pass pass
6 BHZRTG04 pass pass pass pass pass

108 pass pass pass pass pass

3 114 pass pass pass pass pass

-20 6 BHZLTGO08 pass pass pass fail pass
115 pass pass pass pass pass

Table 49. Assessment of crack qualification for weld metal centerline - dual torch (round 2)

Temp Target ID ASTM E1820 BS 7448:
(c) a, (mm) Part 2
9141 9.14.2 9.15.1 9.15.2 12.4.1
RT 3 BWMRTF21 fail pass pass pass pass
6 BWMRTF23 pass pass pass pass pass
20 3 BWMLTF22 fail pass pass pass pass
6 BWMLTF24 pass pass pass pass pass

Table 50. Assessment of crack qualification for weld metal centerline - single torch (round 3)

Tgmp Target ID ASTM E1820 Bf’aerAé&

(€) | & (mm) 9041 | 9142 | 9151 | 9152 | 1241
DW1 pass fail pass pass pass
DW3 pass fail pass pass pass

20 3 DW6 pass fail pass fail pass
FW1 pass fail pass fail pass
FW3 pass fail pass pass fail
FW6 pass fail pass pass fail
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Table 51. Assessment of crack qualification for HAZ [single torch (round 3)], based on measurements on the
base metal side

Tgmp Target D ASTM E1820 Bﬁaﬁé&
(©) | & (mm) 9041 | 9142 | 9151 | 9152 | 1241
DH1 pass pass Pass pass pass
DH6 pass pass Pass fail pass
-20 3 FH1 pass pass Fail fail pass
FH3 pass pass Pass pass pass
FH6 pass pass Pass pass pass

Table 52. Assessment of crack qualification for HAZ [single torch (round 3)], based on measurements on the
weld metal side

Temp | Target ID ASTM E1820 Blsa;?dég'
(€) | 8 (mm) 9141 | 9142 | 9151 | 9152 1241
DH1 pass pass pass pass pass
DH6 pass pass pass fail pass
-20 3 FH1 pass pass pass fail pass
FH3 pass fail fail pass pass
FH6 pass fail pass pass pass

5.3 Fracture Surfaces

This section contains photographs of fracture surfaces of all tested SE(T) and SE(B) specimens
broken after testing for crack length measurements and evaluation of crack front straightness.

5.3.1 SE(T)

(@) RT,a=3 mm (BMRTKO6) (b) RT, a=3 mm (BMRTK09)

Figure 30 continued on next page below
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(f)-20°C, a = 6 mm (BMLTK11)

Figure 30. Fracture surfaces of SE(T) base metal specimens

==

(€) -20 °C, a = 3 mm (BMLTK10)
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() RT, a =3 mm (WMRTKO1

(d) RT,a=6 mm (K19)

. 5% 7

| 0 20°C,a=3mm (K15)

5 6 7 8
(9) -20 °C, a =3 mm (K23) (h) -20 °C, a=6 mm (WMLTK12)

Figure 31 continued on next page below
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(K) -40 °C, a = 3 mm (WMLT4K24) (I)-40 °C, a = 6 mm (K25)

Figure 31. Fracture surfaces of SE(T) single torch weld metal (round 1)
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- ,("’,‘) RT, a =3 mm (HZRTKO07)

(d) RT, a=6 mm (K20)

7l

,8 : ﬁ, 2
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LTK08) (f)-20 °C, a = 3 mm (KO

= ,’»’('»: -

5 6 7 3
¥ - -
(9) -20 °C, a =3 mm (K16): cut for SEM (h) -20 °C, a =6 mm (HZLTKO05)

v

Figure 32 continued on next page below
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5 6 7 3

(k) -40 °C, a =3 mm (HZLT4K26) (I) -40 °C, a =6 mm (K27): cut for SEM
Figure 32. Fracture surfaces of SE(T) single torch HAZ (round 1)
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'U‘!"‘

(9) -20 °C, a = 6 mm (WMLTF03) " (h)-20 c a =6 mm (F12)

Figure 33. Fracture surfaces of SE(T) dual torch weld metal (round 2)
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(9) -20 °C, a =6 mm (HZLTFO08) (h) j2‘0 °C, a=6 mm (F28)
Figure 34. Fracture surfaces of SE(T) dual torch HAZ (round 2)
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(a) -20°C, a=3mm (DW1-B);
plane-sided specimen

() -20 °C, a = 3mm (FW3-A) () -20 °C, a = 3mm (FW6-A)

Figure 35. Fracture surfaces of SE(T) single torch weld metal (round 3)
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BM SIDE WM SIDE

BM SIDE WM SIDE

(e) -20 °C, a = 3mm (FH3-A) (f) -20 °C, a = 3mm (FH6-A)
Figure 36. Fracture surfaces of SE(T) single torch HAZ (round 3)
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e -0 °,a=mm B4

() -20 °C, a = 3mm (BM5)

(9) -20 °C, a = 3mm (BM6)

Figure 37. Fracture surfaces of SE(B) base metal specimens

58



(9) -20 °C, a = 6 mm (BWMLTGO06) N (h) -20 °C, a = 6 mm (112)

Figure 38. Fracture surfaces of SE(B) single torch weld metal (round 1)
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Figure 39. Fracture surfaces of SE(B) single torch HAZ (round 1)
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(a) RT, a=3mm (BHZLTF25) (b) -20 °C, a=3 mm (BHZLTF26)
Figure 41. Fracture surfaces of SE(B) dual torch HAZ (round 2)
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- 20 °C, a = 3mm (FW1)

(e) -20°C, a=3mm (DW6) (f) -20 °C, a = 3mm (FW6)

Figure 42. Fracture surfaces of SE(B) single torch weld metal (round 3)
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Figure 43. Fracture surfaces of SE(B) single torch HAZ (round 3)
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